Abstract: Inattention and impulsivity symptoms are common among adults with attentiondeficit/hyperactivity disorder (ADHD), which can lead to difficulty concentrating, restlessness, difficulty completing tasks, disorganization, impatience, and impulsiveness. Many adults with ADHD find it difficult to focus and prioritize. Resulting outcomes, such as missed deadlines and forgotten engagements, may ultimately impact the ability to function at work, school, home, or in a social environment. The European Medicines Agency guidelines for evaluating medicinal products for ADHD recommend inclusion of both functional outcomes, such as school, social, or work functioning, and outcomes related to symptoms of ADHD in clinical studies of novel medication primary efficacy endpoints. Due to its performance in other disease areas and the relevance of its items as evidenced by content validity analyses, the Sheehan Disability Scale (SDS) was chosen to assess functional impairment in ADHD. The aim of this study was to investigate the psychometric properties of the SDS, used as a brief measure of functional impairment in a number of psychiatric disorders, in adult patients with ADHD. To the authors' knowledge, this is the first study to evaluate the reliability of the SDS (based on Cronbach's coefficient alpha and test-retest reliability), its validity (construct and known-groups validity), and its ability to detect change in this patient population. This study also established a preliminary responder definition for the SDS in this study population to determine when change can be considered clinically beneficial in a clinical trial setting. The psychometric results support the use of the SDS subscales (items 1-3) and total score (sum of items 1-3) in an ADHD population. In addition, the evaluation provides evidence for a threepoint preliminary responder definition for the SDS and further evidence of its responsiveness in adults with ADHD. Altogether, the results indicate that the SDS is a simple and easy-to-score scale that would have great utility in future clinical trials for monitoring functional impairment in adults with ADHD.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is one of the most common psychiatric disorders, with an estimated childhood prevalence of 4%-12% in the US 1 and an adult prevalence of 2.5%-4.2% in the world. [2] [3] [4] The diagnostic criteria for ADHD in the Diagnostic and Statistical Manual of Mental Disorders (DSM) have changed over time. Most recently, ADHD examples in the DSM-IV (Fourth Edition) apply to elementary-aged children only. It is now understood that ADHD persists into adolescence and adulthood. To mark this change, the DSM-V (Fifth Edition) uses an updated definition that includes adult 
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coles et al experiences and requires fewer symptoms (five instead of six out of nine inattention symptoms and five instead of six of nine hyperactivity and impulsivity symptoms) for a reliable adult diagnosis from age 12 years onwards (instead of age 7 years). The new definition is believed to improve the reliability of diagnoses. With the new definition, it may be possible to facilitate continuity of ADHD care from childhood through adulthood, therefore providing improved treatment outcomes.
Symptoms of inattention and impulsivity are common among adults with ADHD, and can lead to difficulty with concentration or focus, difficulty completing tasks, disorganization, impatience, and impulsive behavior. Many adults with ADHD find it difficult to focus and prioritize, leading to outcomes such as missed deadlines and forgotten meetings or social engagements. These outcomes may ultimately impact the ability to function at work, school, home, or in a social environment. The European Medicines Agency guidelines for evaluating medicinal products for ADHD recommend that a functional outcome, such as school, social, or work functioning, be included as a primary efficacy endpoint as well as an outcome related to symptoms of ADHD in clinical studies of novel medication. Due to its performance in other disease areas, the Sheehan Disability Scale (SDS) was chosen to assess functional impairment in this study.
The SDS was developed in 1983 as a brief measure of functional impairment in a number of psychiatric disorders (eg, panic disorder, social phobia, major depression, alcohol dependence) to measure the impact of treatment on disability in both clinical trials and clinical practice. It is used extensively in a range of psychiatric disorders, including in adults with ADHD, but there is no evidence currently available to indicate that the SDS has been specifically validated in adults with ADHD. Qualitative work to support the content validity of the SDS items in adults with ADHD has been conducted by RTI Health Solutions. These data support the relevance and importance of these items included in the SDS for use in adult patients with ADHD.
The aim of this study was to investigate the psychometric properties of the SDS in adult patients with ADHD. As such, it is the first study to evaluate the reliability, validity, and ability of the SDS to detect change in this patient population. This study also established a preliminary responder definition for the SDS in this study population to determine when change can be considered to be clinically beneficial in a clinical trial setting.
Materials and methods study design
Post hoc analysis of data from the first 9 weeks of a 40-week randomized, double-blind, placebo-controlled, multicenter Phase IIIb clinical trial was performed to assess the psychometric properties of the SDS. Recruitment for the clinical trial took place between November 2010 and March 2012.
The trial included a prerandomization period and three treatment periods (fixed-dosing, optimal-dosing, withdrawaldosing). Patients were randomized to one of four treatment arms (MPH-LA (modified-release methylphenidate) 40 mg/ day, 60 mg/day, 80 mg/day, or placebo). Period 1 comprised 9 weeks, and consisted of a 3-week titration period and a 6-week fixed-dose stage (40 mg/day, 60 mg/day, 80 mg/day, or placebo). The clinical trial was designed to confirm the clinically effective dose range and maintenance of effect of MPH-LA and to evaluate its safety profile compared with placebo in adult patients with childhood-onset ADHD. This large randomized, controlled trial was the first to examine outcomes reported by clinicians, patients, and family members in the same population using a novel study design with co-primary endpoints and functional and symptomatic assessments. In adults with childhood-onset ADHD, MPH-LA 40, 60 and 80 mg/day led to a beneficial impact on family life, work life and social life, as shown by SDS total score improvement, compared to placebo, at the end of the 9-week double-blind dose confirmation phase. Similar, overall improvements in ADHD as measured on the DSM-IV Attention-Deficit/ Hyperactivity Disorder Rating Scale (DSM-IV ADHD RS) total score at the end of the 9-weeks were observed. The benefits observed with MPH-LA in the short term period of the study were maintained when dose-optimized treatment was continued for 6 months. A complete description of the trial, including detailed results has been published by Huss and colleagues, 2013. 5 Only data from period 1 are considered for these psychometric analyses. In addition, because the evaluation was focused on the properties of the SDS rather than the efficacy of MPH-LA, treatment group comparisons were not conducted for all the psychometric analyses.
Approximately 700 adult patients with a diagnosis of confirmed childhood-onset ADHD were enrolled in the trial. This study includes 462 of those patients in the intent-to-treat sample who completed period 1 by an interim data cut in June 2012. The intent-to-treat sample (ie, full analysis set) during period 1 was defined as all randomized patients who took one dose of study medication in period 1. 
Measures
The following paper-based outcome measures were administered throughout the trial. 6 Data from three timepoints during period 1 (screening, baseline and week 9) were used for the psychometric evaluation.
sheehan Disability scale
The SDS (Table 1 ) is a five-item, self-rated questionnaire designed to measure the extent to which a patient's disability due to an illness or health problem interferes with work/ school, social life/leisure activities, and family life/home responsibilities. 7 In the first three items, respondents are asked to indicate how much their symptoms have disrupted their regular activities over the past week in each of these areas using a rating scale for each item, ranging from 0 (not at all) to 10 (extremely). Each subscale (a work disability, a social life disability, a family life disability) can be scored independently or combined into a single total score (sum of the nonmissing responses for items 1-3) representing a global impairment rating, ranging from 0 to 30, with higher scores indicative of significant functional impairment. Subscale scores greater than 5 suggest impairment in that subscale area. 8 The final two items ask patients about the number of days on which their symptoms caused them to miss school and/or work and the number of days on which their symptoms caused them to be underproductive at school and/or work (these items were not included in the SDS total score). For this clinical trial, before responding to SDS items 1-3, patients were verbally instructed to recall the past 7 days, while items 4-5 refer to the last week within the item wording.
DsM-iV aDhD rating scale
The DSM-IV ADHD rating scale is a clinician-reported instrument designed to assess ADHD symptoms using 18 ordinal scale items with four response options directly adapted from the DSM-IV ADHD symptom list. The wording of the original items was modified to use with patients who have adult ADHD. 9 Clinicians record the frequency of each symptom as reported by the patient for the past 7 days from "rarely or never" to "very often". Three summary scores may be derived: an inattention subscore (range 0-27), a hyperactivity/ impulsivity subscore (range 0-27), and a total score (range 0-54). Higher scores indicate worse ADHD symptoms. A total score $30 on the DSM-IV ADHD rating scale at screening and baseline was required for inclusion in the trial.
cgi-i
The Clinical Global Impressions Scale for Global Improvement (CGI-I) is a clinician-rated instrument designed to assess the overall change of illness relative to baseline on a 1 ("very much improved") to 7 ("very much worse") scale, providing a consistent comparison of the current status to the baseline status. 10 cgi-s
The Clinical Global Impressions Scale for Severity of Illness (CGI-S) is a clinician-rated instrument designed to assess the patient's current illness state on a 1 ("normal, not at all ill") to 7 ("among the most extremely ill patients") scale.
10 asrs version 1.1
The World Health Organization Adult Self-Report Scale (ASRS) symptom checklist 11, 12 is an 18-item tool to screen for probable ADHD in adults. The ASRS checklist asks respondents to indicate how they have felt and conducted themselves over the past 6 months in terms of frequency of inattention or hyperactivity symptoms, which are rated from 0 ("never") to 4 ("very often"). The checklist is divided into two parts and results in an inattention subscore (range 0-36), a hyperactivity/impulsivity subscore (range 0-36), and a total score based on the full scale (range 0-72).
analytic methods
Descriptive statistics for sDs
Descriptive statistics, with frequencies and percentages, were reported to assess the distribution of scores and possible floor/ceiling effects (where by 40% of respondents at most endorse one extreme and less than 5% endorse the opposite extreme) for the SDS items.
structure of sDs: inter-item correlations
To assess the structure of the SDS, Pearson correlations were computed between continuous SDS items (items 1-3) and Spearman correlations were computed for correlations involving SDS items measured as a count (items 4 and 5). 
reliability of sDs
The reliability of the SDS was assessed by estimating internal consistency using Cronbach's coefficient alpha. 13 An estimate was computed using items 1-3 at baseline and week 9, and was expected to be between 0.70 and 0.90 and similar across time points. Further, to assess the extent to which the SDS items correlated with the SDS total score, item-total correlations for items 1-3 of the SDS were each correlated with the total SDS score (minus that item). Given that the SDS has been validated in other populations, strong item-scale correlation coefficients (ie, .0.50) were anticipated. Test-retest reliability was computed for a subgroup of patients in whom clinicians reported that their condition was stable (ie, "unchanged") from baseline to week 9 on the CGI-I. Intraclass correlation coefficients from a two-way (subjects × time) random-effects analysis of variance (ANOVA) were used for this assessment. 14 
construct validity of sDs
Correlations (ie, Pearson correlations for two continuous variables, polyserial correlations for a continuous variable with a categorical variable, Spearman correlations when at least one count variable is present) between the SDS total and subscale scores and among the DSM-IV ADHD rating subscales, CGI-I, CGI-S, and ASRS subscales were conducted to examine the construct validity of the SDS. Inferences about the patterns of correlation between the measures were made to demonstrate convergent validity. Cohen's criteria 15 were used to differentiate levels of hypothesized strength of the correlations. It was hypothesized that the SDS would correlate highly (r.0.50) with the DSM-IV ADHD rating because the SDS aims to measure consequences of the symptoms measured in this rating. The CGI-I and ASRS were anticipated to yield high correlations with the SDS, and the CGI-S was hypothesized to yield a moderate correlation (r.0.40) with the SDS because the CGI-S is a general measure of illness.
Known-groups validity
ANOVAs were used to examine mean differences in the SDS total score, as well as items 1-3, between patients classified into subgroups defined to be distinct. A priori hypotheses based on these subgroups were: patients whose DSM-IV ADHD rating scale scores were greater than 0.25 of a standard deviation (SD) above the mean would have more severe ADHD symptoms and impairment (ie, higher SDS scores) than those with DSM-IV ADHD rating scale scores more than 0.25 of an SD below the mean; lower levels of mental illness in the clinicianreported CGI-S would be associated with lower average SDS scores; patients whose ASRS scores were greater than 0.25 SD above the mean would have more severe ADHD symptoms and impairment (ie, higher SDS scores) than those with ASRS scores more than 0.25 of an SD below the mean. The magnitude of differences between the DSM-IV ADHD rating scale-defined and ASRS-defined groups was characterized by Cohen's d effect size estimates.
ability of sDs to detect change A variant of the responsiveness statistic devised by Guyatt et al 16 was computed to establish the responsiveness of the SDS total scores and scores on items 4 and 5 using change from baseline to week 9 based on improved patients ("very much improved", "much improved", "minimally improved"), unchanged patients ("no change"), and worsened patients ("very much worse", "much worse", "minimally worse") on the CGI-I.
Preliminary SDS responder definition
Two methods were used to estimate a preliminary responder definition for clinically meaningful change. The first was an anchor-based method examining the average change in scores on the SDS for patients whose clinicians reported the patient as "minimally improved" in their level of disability on the CGI-I. The second involved distribution-based methods (eg, standard error of measurement [SEM] and one-half of an SD for the average SDS scores at baseline) were used as supplementary methods for defining responders on the SDS. A cumulative distribution function plot examined the magnitude of differences between treatment groups at the preliminary SDS responder definition location.
conventions of analysis
All analyses, except for the cumulative distribution function plots, were performed blinded from a treatment indicator using non-last observation carried forward records from the intent-to-treat sample (ie, full analysis set). Analyses were conducted using SAS for Windows version 9.2 or later (SAS Institute, Inc, Cary, NC, USA). 17 ethics Eligible patients were required to provide consent to participate in the clinical trial, which was approved by an institutional review board or independent ethics committee. Ethics approval for these analyses was granted by the institutional review board at RTI Health Solutions. 
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Psychometric evaluation of the sDs in adult aDhD Table 1 displays the SDS descriptive statistics at baseline, week 9, and for the change from baseline to week 9. At baseline, mean scores for items 1, 2, and 3 were above 6, indicating significant functional impairment, but at week 9, mean scores showed improvement by at least 1.5 units lower than at baseline. Total scores also improved from baseline to week 9, with a mean change of 5.4 units. Patients scored higher on item 1 than the other items contributing to the total score, indicating that ADHD symptoms had disrupted school or work more than social and family life responsibilities. Mean responses to item 4 indicated improvement from baseline (1.4 days) to week 9 (0.8 days), with 55.8% of patients reporting no missed days at baseline and 69.1% of patients reporting no missed days at week 9. The number of unproductive days at school or work (item 5) improved by 1.3 days, on average, between baseline and week 9.
Results

sDs descriptive statistics
Frequencies and percentages of each of the five items of the SDS were also examined. No evidence of floor or ceiling effects was observed. The proportion of missing data on the SDS was low for the first three items (,10%) but not low for items 4 and 5, which asked about school or work.
sDs structure: inter-item correlations Table 2 presents an inter-item correlation matrix of SDS items. All baseline and week 9 correlations were in the expected 
Notes:
a Two out-of-range responses were excluded at baseline (20, 25) and three out-of-range responses were excluded at week 9 (8, 10); b four out-of-range responses were excluded from item 5 at baseline (10, 10, 14, 35), and four were excluded at week 9 (8, 10, 10, 11). Abbreviations: ADHD, attention-deficit/hyperactivity disorder; SD, standard deviation; SDS, Sheehan Disability Scale. Although all correlations met the hypothesized threshold of 0.30, week 9 correlations were stronger than baseline correlations. This was likely due to skewness in ADHD symptom severity at baseline, which was regulated by the inclusion and exclusion criteria in the trial. Thus, this anomaly was an expected product of the limited range due to inclusion and exclusion criteria or a factor related to regression to the mean after treatment and should not be seen as implying any structural differences of the SDS from baseline to week 9.
sDs reliability
Estimates of the internal consistency reliability, as measured by Cronbach's alpha, ranged from 0.79 (95% confidence interval [CI] 0.76-0.82) at baseline to 0.91 (95% CI 0.90-0.93) at week 9. The baseline estimate suggested that SDS items were highly consistent and reliable. Although alpha was slightly above the recommended range 18 at week 9, there was insufficient justification to remove any item. All item-total correlations were strong and met the proposed magnitude threshold of r.0.50 at baseline (0.59-0.66) and week 9 (0.81-0.83). Again, the pattern of week 9 correlations was greater than those at baseline. Table 3 displays test-retest results for SDS items and total score. The test-retest reliability of the total SDS score achieved the threshold of 0.70 19 for multi-item scales, with a value of 0.72 for the screening-to-baseline calculation (Table 3) .
sDs construct validity
As hypothesized, correlations between the SDS and the DSM-IV ADHD rating scale were above 0.50 at week 9, with the highest correlations between the total scores (0.71), as shown in Table 4 . The SDS correlated strongly with the CGI-I at week 9 as expected, and exceeded the hypothesized moderate strength at week 9 for the CGI-S (all r.0.50). All correlations between the SDS and the ASRS were strong (r.0.50), with the highest being between the SDS total score and the ASRS total score at week 9 (r.0.77). The weakest correlations were observed between the SDS total score and the hyperactivity and impulsivity scales of the DSM-IV ADHD rating scale and the ASRS. This finding emphasizes the ability of the SDS to differentiate functional ability, given that school and work and school functions are more related to attention than hyperactivity or impulsivity. 20 
Known-groups validity
Known-group results by SDS item and total SDS score across the DSM-IV ADHD rating scale subgroups were statistically significant ( Table 5 ). The SDS total scores were higher on average for the more severe group than for the less severe group, suggesting that the SDS was capable of discriminating the highest and lowest levels of ADHD disability. The corresponding Cohen's d effect size for the baseline comparison was 0.4 and reached 1.8 at week 9.
As expected, lower levels of mental illness in the CGI-S were associated with lower average SDS scores. The ANOVA results were statistically significant for the SDS total score (F=63.25, P,0.01) and all SDS items, providing evidence that the SDS can distinguish between severity levels of ADHD illness.
As hypothesized, patients whose ASRS scores were more than 0.25 SD above the mean had more severe ADHD symptoms and impairment (ie, higher SDS scores) than those with ASRS scores more than 0.25 SD below the mean (Table 6 ). The difference in the total SDS scores between the two ASRS groups was statistically significant, providing evidence that the SDS was sensitive enough to differentiate levels of ADHD symptom severity as measured by the patient. The corresponding Cohen's d effect size for the baseline comparison was 1.2 and reached 2.1 at week 9.
ability of sDs to detect change
In patients whose ADHD was rated as improved according to the clinician on the CGI-I, average SDS scores decreased from baseline to week 9, indicating improvement in impact of ADHD symptoms (Table 7) . Patients who worsened over this time according to the CGI-I also reported worsening (ie, increase) on SDS average scores. Patients whose clinicians reported no change on the CGI-I had relatively consistent scores (ie, change near zero). Guyatt's statistics were strong (.0.80) for most SDS item and total scores when comparing improved versus unchanged scores. Statistics involving the unchanged group could not be interpreted owing to a small sample size (n=10, Table 7 ). 
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Psychometric evaluation of the sDs in adult aDhD
Preliminary SDS responder definition anchor-based method
Of the 76 patients who showed "minimally improved" ADHD symptoms at week 9 according to the clinician, the associated change in average SDS total scores from baseline to week 9 was -2.53 (SD, 4.6, Table 8 ). The appropriateness of using the week 9 CGI-I item was supported by negative change in SDS total scores (improvement) in the improved categories on the CGI-I and positive change in SDS total scores (worsening) in the worsened categories. The CGI-I approach also suggested an approximately three-point change for defining a responder on the SDS.
Distribution-based method
The SEM provided support for a three-point change (SEM baseline to week 9 and screening to baseline). The use of a 0.5 SD unit change in the average SDS scores yielded an estimate of 2.75 and supported a three-point change.
cumulative distribution function
The cumulative distribution function plot in Figure 1 shows the cumulative percentage of patients achieving each SDS change score. A negative change is associated with improvement over time. The treatment groups being shifted to the left of the placebo group indicate that a greater proportion of patients in the treatment group achieve more improvement than the placebo group. The 95% CIs show that the three active treatment lines differ significantly from the placebo line between the values of -2 and -6, thus providing additional support for a three-point SDS responder definition.
Discussion
The results of these psychometric analyses support the use of the SDS subscales (items 1-3) and total score (sum of items 1-3) in an ADHD population and are consistent with other published psychometric evaluations with different patient populations. [20] [21] [22] As with the previous investigations, the validity and reliability of the tool, as well as the factor structure, are supported by these analyses and contribute to the body of evidence supporting the use of the SDS in adult patients with ADHD. Prior to this work, to our knowledge, there were no published data to support this context of use for the SDS. These results should be considered in the context of a number of considerations. First, the inclusion and exclusion criteria of this clinical trial restrict the sample to patients with a certain level of ADHD severity as measured by the DSM-IV ADHD rating scale, resulting in limited variance for all ADHD-related measures at baseline and weaker baseline psychometric results versus the week 9 results. Week 9 responses are more heterogeneous and are the focus of this evaluation. Second, missing data are observed in some measures but not in others, and should be interpreted with caution, because missing data A previous psychometric evaluation of the SDS in bipolar disorder found 4.05 to be a meaningful change using a distribution-based approach. 21 This evaluation provides evidence for a three-point preliminary responder definition for the SDS. It is reflective of an anchor-based approach to identifying change and is supported by the cumulative distribution function curve, but this SDS responder definition should be confirmed in future samples in ADHD.
The SDS has been psychometrically evaluated in a number of populations, 22 and this study supports the utility of this scale in an additional group, ie, adults with ADHD. The SDS is a short, simple, and easy-to-score scale that has been successfully evaluated on reliability, validity, and responsiveness in adults with ADHD. The SDS should be considered as an appropriate short-scale measure of functional impairment for future studies evaluating medicinal products for ADHD.
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